E8.5 forebrain neuroectoderm shows stronger expression of two ribosomal protein subunits RPS12 and RPL11 (red), in P-Vimentin-positive (green) progenitor cells. Nuclei counterstained with Hoechst. Scale bar, 10 µm. 
SUPPLEMENTARY EXPERIMENTAL PROCEDURES
Cell culture assays. Pair cell assay. The E10.5 dorsal telencephalic neuroepithelium was isolated as for explants (see main text). Tissue was dissociated using papain (Worthington Dissociation System), and cells were plated at clonal density on poly-D-lysine coated Terasaki plates (Shen et al., 2002; Tucker et al., 2010) . Cell suspensions were prepared in Neurobasal medium with antibiotics and glutamine, and supplemented with LIF (200ng/ml reported in E11 mouse CSF; Hatta et al., 2006) , its vehicle, 20% E10.5 CSF or artificial CSF. For LIF signaling inhibition experiments, E10.5 CSF was pre-incubated with antibodies for 4-6 hours. Single cell adherence to plates was visually confirmed after 2 hour of incubation, and after 18 hours, cells were fixed and immunostained with SOX2 and TUJ1, and counterstained with Hoechst.
Expression of cell identity markers in pairs of cells was scored in a blinded manner. Two-way ANOVA and Mann-Whitney statistical analyses were performed. Indicator cell experiments:
Measurement of BMP and RA activity using luciferase-based assay in reporter cell lines were performed as previously described (Lehtinen et al., 2011) .
Mass Spectrometry. Samples were prepared as described (Lun et al., 2015) . 30µg of protein from fluid reduced in 0.1M DTT was filtered twice using a 30kDa spin filter (Millipore). The nominal molecular weight cut off does not apply to denatured proteins (Wiśniewski et al., 2009 ).
Samples were alkylated, washed, and digested overnight with 2µg trypsin (Promega) at 37°C, and the digested proteins were eluted, acidified, desalted, and dried. Samples were reconstituted and analyzed by a nanoLC system (Eksigent) equipped with LC-chip system (cHiPLCnanoflex, Eksigent) coupled online to a Q-Exactive mass spectrometer (Thermo Scientific). Peptides were separated by a linear gradient using a gradient length of 120 minutes. Data were acquired in the "data dependent acquisition" (DDA) mode, selecting the 10 most abundant species for fragmentation (Top 10). Thermo ".raw" files were converted into the Mascot generic format (MGF-files) using the ProteoWizard software tool, and then submitted to database searches using Bioinformatic Analysis. Before any analysis, spectral counts of all samples were first normalized to the sample with the highest number of total spectral counts. Heatmap generation and hierarchical clustering were performed using the "gplots" package in R: normalized spectral counts were scaled across each protein so that the sample with the highest spectral count for that protein is set as 1; distance was measured using the Euclidean method and clustering was done by complete linkage. Venn diagrams were generated using BioVenn (Hulsen et al., 2008) .
Clustering by temporal expression pattern was performed using GProX (Rigbolt et al., 2011) : for each protein, its average normalized spectral count at each fluid compartment was calculated, scaling was then performed so that the fluid with the highest average spectral count for that protein is set as 1; proteins were not included in the clustering if their scaled average spectral counts showed < 2 fold difference between the ages; only proteins with membership value > 0.35
were displayed on the plots. Functional annotation clustering was performed using DAVID v6.7 (Huang et al., 2009a; Huang et al., 2009b) : enrichment (p-value < 0.05) is determined by comparing proteins in each GProX cluster to the reference mouse genome; enrichment score is the geometric mean of the individual enrichment p-values of all annotation terms within a group.
KEGG pathway analysis was performed in DAVID v6.7 using a cutoff of p-value < 0.05.
Network analysis was performed using GeneMania (Warde-Farley et al., 2010) . Principal component analysis was performed using the "FactoMineR" package in R.
Fluorescein measurements. E10.5 embryos were harvested into warm Neurobasal medium. The embryonic yolk sac was exposed and 0.5 µl of 2.5% fluorescein-conjugated dextran was targeted into the intra-amniotic space. Embryos were cultured ex vivo for 30 minutes at 37°C (5% CO 2 ), after which extra-embryonic tissues were removed, embryos were rinsed twice in Neurobasal medium, and CSF was collected. Pooled samples from two embryos represent one individual sample measured for fluorescence intensity (NanoDrop 3300 Fluorospectrometer). Relative fluorescence was calculated base on a standard curve generated by serial dilutions of the 2.5% 10 kDa fluorescein conjugate.
Immunostaining. Paraffin sections were dehydrated, and antigen retrieval was performed using Antigen Unmasking Solution (Vector). Sections were blocked and permeabilized (0.04% Tween-20 in PBS, 5% serum), followed by antibody incubation. Cryosections were blocked, permeabilized, and incubated with antibodies. All tissues were counterstained with Hoechst
33258.
Antibodies. The following antibodies were purchased: SOX2 (Abcam, ab97959), P-Vimentin ELISA. SHH concentrations in AF and CSF were measured using the Mouse Shh N-terminus Quantikine ELISA kit (R&D Systems) according to manufacturer's instructions. 12.5 to 25 µl AF or CSF were used in each measurement. BMP4 concentrations were similarly measured by ELISA (Biotang, Inc.).
RNA quantification. Expression of Sox2 relative to Gapdh was measured in neuroectodermal explants and olfactory placode explants by Sybr-green qPCR. The following primers were used:
Sox2 forward: AGCCCCCCCGTGGTTACCTCTTC;
Sox2 reverse: CCCCTTCTCCAGTTCGCAGTCCAG;
Gapdh forward: CTGACGTGCCGCCTGGAGAAA;
Gapdh reverse: GTTGGGGGCCGAGTTGGGATAGG
